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ABSTRACT 
Some water qualitystandards estnbllshed by the states permit only minor increases in suspended 

sedlment when background hlrbidtty is low, allow greater absolute increases as background levels 
riue, lad do n~ c0nsMor sccllmrtion of s a w n  biotn te KrgB hnbXity. Suren\\e coho sakmon 
(Oncorhynchus kisurch) were subJeeted to experimentally elevated eoneenmtions of suspended 
sediment and did not avoid moderate turbidity increases when background levels were low, but 

Although the biological impact of sediment than 0.3 nephelometric turbidity units (NTU), 
deposited in stream gravels has received consid- and the other group was held in slightly turbid 
erable attention in the Pacific Nonhwest (Bums water. Fine sediment was collected from a catch- 
1970, 1972; Cederholm and Lestelle 1974; Iwa- ment basin next to a heavily used unpaved road. 
moto et al. 1978). relatively little is known about A small amount of sediment was added to one 
the effects of suspended sediment on stream- holding tank and kept in suspension by aeration 
dwelling salmonids. However, state water qual- and periodic stirring. The 2-15 NTU acclima- 
ity regulations governing sediment-related, non- tionlevel approximated winter base-flow turbid- 
point source pollution often specify allowable ities observed in other tributaries of the Des- 
increases in suspended loads. usually measured chutes River system. 
by turbidity, rather than setting limits on sedi- After being held and fed for at least 3 'weeks, 
ment deposited in the stream bed. The objective 10 individuals from one Or the other acclimation 
of our study, therefore, was to examine the influ- group were placed into a continuous-flow rect- 
ence of suspended sediment from logging-road angular aquarium that was plumbed to permit 
use on thebehavioral responses ofjuvenile coho the addition of suspended sediment to one half 
salmon (0ncorh.vnchus kisulch) that frequently while leaving the other half clear. The aquarium 
inhabit headwater streams influenced by forest was similar to the design of Scherer and Nowak 
management activities in the Pacific Northwest. (1 973), except that the dimensions of the cham- 
Our experiment was designed to test (a) the ber were 120 X 17 X 18 cm. Both the clear and 
threshold turbiity levelekciting avoidance, and turbid water sources weremaintained at identical 
(b) modificationofbehaviorslresponsesby accli- temperatures (12.5-13.5 C)and aerated to keep 
mation to chronic low levels of fine sediment. oxygen levels near saturation. Average weight of 
Applications of the results to fish-stocking pro- the fish ranged from 0.7-2.0 g during the trials. 
grams and water quality regulations are dis- Both halves ofthe chamber received clear water 
cussed. during the first 30 minutes of the trial and the 

preferenceofthe fish for either side was recorded 
six times during this period. Suspended sediment 

Experimental avoidance-preferencetrials were then was introduced into one-halfofthe chamber 
conducted in the laboratory using young-of-the- (the halfwas varied at random) and the fish were 
year coho salmon collected from Hucklebeny allowed to choose between the turbid and clear 
Creek. a small tributary of the Deschutes River, halves for an additional 30 minutes. Their loca- 
Washington. This stream was picked because it tions were noted 12 times during these periods. 
received littlesediment input and the fish had In instances where individuals were partially 
had little exposure to turbid water. In the labo- immersed in the turbid water, decisions were 
raton. test fish were divided into two groups; based on the locationsofthe fishes' heads relative 
one group was maintained in clear water of less to the suspended sediment-clear water interface. 
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Table 1.-Bohnvloral response by juvenile .coho 
salmon to the inhoduction of suspended sedi- 
mint, measured by the change in number of ,IS 

fish observed in the treated half of the test 
chamber before and after sediment addition. 
Positive numbers denote increased preference 
for the treated portion after sediment addition: 
negative numbers denote avoidance. 

Turbidity (NN) Average per cent change 

clear-water acclimation 

~urbid-wale, acc~irnition (normal behavior) 

~urbid-wtcracclimation (fright behavior) 

, ' v P c 0.05. 

An unpaired Student's I-test was used to com- 
pare the number of fish occupying only the treat- 
ment half before and after sediment was added. 
The null hypothesis was that turbidity increases 
would have no effect on thenumberoffishchoos- 
ing to remain in the tratment side of the cham- 
bet. With one important exception, test fish 
showed no obvious signs of grouping behavior 
during the trials. 

RESULTS 
Juvenile coho salmon that were acclimated to 

clear water did not exhibit significant sediment 
avoidance until the turbidity reached 70 NTU 
(Table I). Although fish in most experimental 
trials reacted to the addition of sediment by 
avoidance at the outset. after about 5 minutes 
they began to pass back and forth between the 

treated and wntrolponionsof thechamber. After 
a few investigative forays, individuals usually 
settled on one side or the other. Responses to 
turbidity increases were not always in direct pro- 
portion to the sediment wn&tration. Even after 
the significant threshold had been exceeded, the 
extent of avoidance was erratic. For example, 
greater avoidance was observed at 158 NTU than 
at 184 NTU. 

Behavior of who salmonacclimated to slightly 
turbid water fell into two categories-normal 
swimming behavior and fright response. Exper- 
imental groups exhibiting normal behavior 
reacted to the introduction ofsediment in a man- 
ner similarto fish acclimated to clearwater, except 
that the turbidity avoidance threshold increased 
to approximately 100 NTU (Table I). Fright 
behavior was anually observed in more than four 
trials but the first two times it was noted the trial 
was aborted and the fish discarded. The behavior 
pattern consisted of rapid darting movements, 
huddling together, and attempting to hide in cor- 
ners. This behavior has been observed previ- 
ously in juvenile coho salmon in experimental 
stream systems (Mason and Chapman 1965) and 
has been called "fright huddle." In every trial 
where fright behavior was exhibited by the fish 
acclimated to turbid water, they preferred the 
turbid portion ofthechamber and this preference 
increased with higher turbidity levels. Test fish 
tended to respond as a group. Whe* fright 
behavior was observed, it occurred in virtually 
all individuals. This was theonly instance during 
the trials where grouping behavior was obvious. 
We do not know what elicted the fright response 
among coho salmon acclimated to turbid water 
except to speculate that it was related to the sud- 
den transfer into an environment where cover 
was lacking. This conclusion resulted from the 
observation that many fish quickly darted into 
the turbid half of the chamber upon removal of 
the one-way observation window at the end of a 
trial. 

DISCUSSION 
Suspended sediment levels avoided by coho 

salmon in the trials were below acute lethal 
thresholds for salmon and trout (Herbert and 
Merkens 1961). However, feeding effectiveness 
may be impaired within the 70-100 NTU range 
(Alabaster 1972; Sykora et al. 1972)and the fish 
may have been avoiding turbid water in order 
to maintain a view of potential food items. For 
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juvenile .coho salmon, overall visibility, Rota-
tion, and bgckground contrast are key factors in 
food selection (Mundie 1971). Noggle (1978) 
reported that predation on caddis larvae by who 
salmon decreases to zero at about 300 muliter 
suspended sediment but, given a choice between 
clear water and "moderate" turbidity, coho 
salmon tended to prefer slightly turbid condi- 
tions. We found noevidence of a significant pref- 
erence for slightly turbid water (10-20 NTU) in 
any of our experiments, including fish acclimated 
to-2-15 NTU. However, in certain instances, 
water having higher turbidity was sought for wver 
when the fish were fiightened, and Gradall and 
Swenson (1982) have recently noted that brook 
trout (Salvelinusfontinalis) rely less on overhead 
cover and become more active at moderate tur- 
bidity levels compared to clearer conditions. 

Heavy road use during periods of moderate to 
intense precipitation fan cause turbidity increases 
in streams (Reinhart et al. 1963; Wald 1975: 
Wooldridge 1979) although levels above 100 
NTU usually exist for only short durations 
(BrownandKrygier 1971;Reid 198 1). Occasions 
where exceptionally high turbidities occur may 
be sufficient to cause some movement into areas 
with clearer water. In recent years, a large num- 
ber of streams in the PacificNorthwest have been 
stocked with coho salmon fry in order to ensure 
adequate seeding and avoid the expense of hatch- 
ery rearing. These fish usually have been held in 
clear water prior to release. The results of our 
experiment suggested that coho fry should not 
be stocked when streams are carrying a high load 
of suspended sediment. Rather, they should be 
released when streams are clear or slightly turbid 
so that the fish have time to adjust to relatively 
low levels of suspended sediment and thus raise 
their tolerance to periodic turbidity increases 
during storms. 

State water quality standards for suspended 
sediment often limit increases to some fraction 
of the backg~ound levels or to a hxed turbidity 
limit above background. For example, Oregon 
limits increases to "no more than a 10% cumu- 
lative increase in natural stream turbidities." 
Washinaton's water aualitv re~ulations state: 
" ~ u r b i d i t ~shall not exceed 5 NTU over back- 
ground turbidity when the background turbidity 
is 50 NTU Or less, Or have more Ihan a lo% 
increase in turbidity when the background tur- 
bidity is more than 50 NTU." These regulations. 
in effect, permit only slight increases when back- 

ground levels are low and larger increases as 
background levels rise. Although suspended sed- 
iment standards are designed to protect both 
spawning and rearing periods, and to minimize 
impacts on periphyton and invertebrates, the 
results of this study indicated that moderate tur- 
bidity increases over low background levels may 
not cause avoidance by juvenile coho salmon. 
However, acceptance of this conclusion should 
await testing of controlled, sediment-addition 
studies in natural streams. 
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